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’Jflﬁrlinpnuse,zr resting stage, of the pink bollworm {(Pectinophora
gossypiclle (SaBnd.))} has been studied under widely different en-
viremmental cotditions, but there is stitl disagreement as to the factors
which initiate it and limit its duration. IFor 3 years behavior of
Jarvae of this insect in Puerto Rico was studied in relation to definite
changes in the environmental complex so that the factors responsible
for the development and duration of the diapause in the field might
be determined.  Puerto Rico is an ideal place for the study of diapause
phenoniena, sinee low temperature, the apparent predisposing cause
in many insccts, is not encountéred.  In the labovatory controlled

tHecvived Tor poblication Sepicimber 7, 1039,
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2 TECHNICAL BULLETIN 977, U. 5. DEPI. OF AGRICUL/TURE

experiments were conducted in which environmental changes were
inttoduced in order that the interpretation of the efect of the environ-
mental complex on the larval stage might be facilitated.

LITERATURE ON THE DIAPAUSE IN INSECTS

Several theories on diapause have been advaneed, but none satis-
fuctorily explaing ils cuuses ov the fuctors Hmiting its duration.
Pietet {33-07)* has advanced o theory that the diapause in insects
i$ due to a heredifary rhiythm morve or less independent of oxternal
fuctors and resulting from a process of natural selection.  Baum-
berger (5) nnd Roubuud (47) conclude that dormancy is brought
about by self-intoxication of the organisin due to an accumulation of
excretory products in the tissues.  Cousin (19, p. 312}, as » vesult
of experiments with Lucilie sericata (Meig), maintsing that the
diapauses ave due entirely to unfavorable envirenmental conditions,
that they continue only so long as these unfavornble condlitions exist,
iwnel that the phenomenon is nob o necessary or obligatory biological
pracess in the hfe of the inseet. These conchusions were in part con-
(irmod by the resulis of Strelnilioy {493, sinee he coneluded that under
nateral conditions the layval dinpause Ut Lozustege stictiealis (1..) is
brought about by insufliciently moist food, by food with an increased
nutritive valwe, or by low temperature.

Uvarov (82, p. €2), Babeock (2), and Steinberg and Kamensky
(47) attribute the diapause to a varviety of causes, direetly or indi-
rectly due to external factors of the environment and complicated by
madtfestations of an aeguived rhythn of development.  Bxperiments
by Spoosier {43) and Townsend (/) on the codling moth have sug-
gested enzymes ag the cause of dormaney. Badine (72) has advanced
a theory that the embryonic dinpause in Jdlelanoplus differentivlis
{"I'hos.) s due to a kypothetical “diapause factor” which increases in
amount and inhibits growth, but is gradually destroyed or itselt
inhibited during exposure to low temperature, thus liberating the
inherent, developtnental factors,  Ditman, Weiland, and Guill {20),
experimenling with the corn enrworm {Heliothis armigera (Ebn.Y)
concluded that the pupal diapause is caused by low tenperature dur-
ing the larval period and that neither the water content of the pupae
not the age of the corn on which the furvae were fed appenved {0 exert
any nfluence vn the tendency of the pupae to enter the diapause.

The maost universally recognized difference between hibernating
aind nonhibernating insects is perhaps the difference in water content,
Investigations by Bodine (10, 77}, Breitenbecher (15), Fink (24},
Hodsen (26, p. 290}, and Payne (31, 32) indicate that the period of
hibernalion s charuclerized by a recluction in the water content of the
insect’s body, wheveas the wmount increases aftec hibernation, Bab-
cock (1.2), Bodine (10, 17), Breitenbecher (15), Douglass (24, 22),
Fink (24}, Hodsen (26), Rice (48), ‘Lownsend 851), and others have
shown that the presence of moisture, usually contaet moisiure, is o8-
sential for the reswinplion of normal activity of various species of in-

2 Hudie smmbees g parentlases rofor be Literitaee Citead, poy,




DIAPAUSE IN THE PINK BOLLWORM IN PUERTO RICO 3

seets after the dizpause. In general, hibernation becomes longer than
normal and is accompanied by a higher movtality in the absence of
mojsture. These facts suggest that an inerease in the water content
mzay be regarded as an essential process interrupting this resting condi-
Llion, Breienbecher {15}, Bodine {10), and Buxton (6) have demon-
strated that some species ein even obtain this necessary moisture from
satrented air ov from moist goil,

Many investigntors have shown that the diupause in 2 number ot
species is not eaused by a veduced temperature, since many species
enter a dormant eondition in tropical avens or during the summer in
teinperite regions when the temperature is still favorable for develop-
ment. Baumberger (6} concludes that organisms with a periodie dia-
panse prepare for it ab a certain time regirdless of the temperature
thut obiains af that time. Chapman (78, p. 2.22) and Bodenheimer
(9 p. 143}, however, are of the opinion that almost any physical re-
action of an organism may be shown Lo be due in part to envivonment
and in pact to heeedity,

These theories as to the canses and termination of diapauses in in-
seets have also been simmarized by Boyee (12), Chapman (28), Cou-
sin (/9), Shelford (42, p. £90), Uvarov {33}, and Steinberg and K-
mensky (477,

With respect to the pink boliworn, Willims (55) in Baypt con-
eluded that the factors determining the resting stage appear to be a
combination of feod, temperature, meisture, and vhythn. Based on
a limited number of ebservations, Taylor (50), in Uganda. considered
that the vesting stage is induced by acstival conditions. He concluded
that the resting stage is chused by any factor or factors that reduce
the water content of the Jarvae, i. e ligh temperature. low homidity,
excessive evaporation, dey food, or lack of vamifall, e states that—-—
rafnbhlil of 4077 o G077 disivibuted thieough nost monibs of the year, & relntively
high e daily homidity (oxcerding 30%), and w mean daily femporninre
s the sweighbotirhowd oF 707 Fowith oomaximun enrely above SHE F gid o inind-
st of sboud 50° [, regecher fndvee short eycle developmiont withour o dia-
[ranse,

Ballurd () noted that in India during the hot months the Tarval life
wis onger than later in the yeur, thereby suggesting that excessively
high lomperatures decvense the rate of development of the larvae.
Weleott and Sein (36, in Puerto Rico, found that the diupause de-
velops during the months of January to April—the dry period on
fhe south const—while no rexting larvae were found on the noeth
const during the months of Seprember and October. the viny season,
o at the eud of the harvest,

Squire (J4), working in the Lesser Antilles, believes that the rest g
stage has ittle to do with weather or season but Is in xome way con-
nected with the age of the crop. He eoncludes that the diapanse was
indnced by dry and rich food toward the end of the crop irrespective
of the time of veur at which this takes place. He also found that
frvae that develop from flowers or geeen bolls do not vest, '

Bedford (71, in the Sudain, also conciuded that the period during
which the pink bollworm started to produce resting lirvae varied
aeeorditg fo the dare of planting and the age of the erop.  He bolieved
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that the factors divectly respousible for the diapause were not entively
climatic or due to fack of food, but were influenced by chemical changes
in the comp. sition of the food as the plant reached a state of maturity.
Storey (48), in Egypt, also found a rapid inerense in long-cycle larvae
(in the diapause) at the end of the season. However, Johnston (28,
2. 20%, in the Geziva of the Sudan, found that most of the Inrvae re-
maining after the destruection of the crop were of the short-cyele type.
Bredo (1) states that in the Belgian Congo, as in Tanganyila, no
resting larvae were found among the sceds at the end of the cotton
season.,  Willeocks {44, p. 106}, in Egvpt, 15 of the opinion that the
diapause is a conclition of acslivation, an adaptation to a rainless
period when its food planis are not fruiting. Gough (25), ulso in
Lgypt, states that it appears probable that hibernation of Full-fed
Tarvae is indnced by the tempesature of their surroundines at the thine
of thelr veaching maturity.

n the Laguna disteict of Moexico, Loftin, MeIlinney, and Hlanson
(J0) vopmrd the resting stage as o combinadion of aestivalion and
hibernation, sinee it begins in Auvgnst while food is still sbundant and
the tempernture i high,  In November and December, when (he fem-
perature is lower and hitle food is availalde, the short-cyele Inrvae are
exceptional,  In the Big Bend of Texas, also. the diapuuse begins by
the fivst part of August while temperature conditions wre still favor-
able and foed wbundant. The Laguny Distrier of Mexico and the
sontivwoestern part of Toexns, where these stndies were made, are hoth
desert areas with extended drought periods, high temperatures, low
humidity, and exeessive evaperation.  Cotton 1n both these regions
is grown under irvigalion. '

CLIMATE OF PUERTO RICO

Stiniies in Puerto Rieo were condueted af Tsabela. Muyagoez, and
Boqueron, s shown by the maxinwn aud minimmn vecords in table
1. eainfadl in each of these localities s hrregular and subeet to great
vartation. At Tsabeln and Mavaguez the average annngl rintall is
move than 30 inches and usually evenly distributed, except during
December, Jananry, February, and March—the dry period. The
elimate in these two areas favors the development of 1 mesophytic
vegetation.  The relative humidity is high, evaporation is not exces-
sive, ik plants have a consideralde supply of water during most of
the vear.

At Borpueron, with an average manfall of 25,05 inches, the climate
Favors the developnient of xerapliytic vegetation owing to the frequent
long periods of dronght, low humidity, and wworm, dry winds, which
cause exeessive eviporation,  The droughl is iost prononnced during
the -+ months of Deecember to Mareh, inciusive,  Cotlon is srown in
this aren without irvigation and slmost alwavs suffers from Tack of
moistire.
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Tasre 1.—Weather Bureaw vecords of rainfall (inches) at the places
where the diapanse of the pink bollirorm was studied in Puerio Rico

Tuv . . Boqueron
Mauayapgtez ! [sabela ! (E“Lﬁa(lmg
Alonth
Aver- Range Aver- L pange | AV T Range

age 5 fyge k age Lang
Januury oL 200 0. 16~ 407 3.400 0.0-11.65f 0. & 0.0- 3 95
Februnry_ o . 218 L, 0- T I%H 2,76 .22~ 7. 40 1L4% .0- 200
Alureko o o__ 375 .12- 10.45 2 83 49— 8 93 | 0= 5019
:\]pril ......... [N i BT S 1 3.36] .15- B 68 1, §6 L0 700
Muy..o.o.ob B 2T 200~ 1745 6. 40y 1. 95-17. 06 33N .23- 907
June . o...o.. i 8 07 3. 32- i 31 Lo 7ol L 85-10. 27 216 L 013,25
Julyooooaall I 73! . 80— 18, 87 3. 08| t 20-1L, 87; L. 60 .06~ 5. 72
Augist ... 1037 4.22- 19.02) 5,207 . 66-15.000 205 .0- 9 16
September. ..._* 10, 89] 4, B4~ 2.1 .10 2070 1. 00-16. 80 4, 34 L 8711 20
Octeber.... .0 9.79] 3. 73~ 21, 5] 5. 33 1. OB-14. 501 3. 98 i dd~ 9. 72
November, o 2 505 L 0% 16. GO 6. 84 2.01-20. 20, 3. 60 . 70~ 9. 64
Decembaer. i 2, {ix T- 6.82, 464 G60-12274 1200 .0~ 385
Annual i 81, 70158, 43-112 28 §a. 28;3:'1. 850-103, 50i 28 95]11. 34-33. 07

! Period from 18991937,
2 Period from 19402-1937,

I contrast to n Temperate Zone climate, that of Puerto Rico
exhibits great stability of tempernture. ‘Lhe mean daily tempera-
ture ulong the coast ranges throughout the year from 75° to 80° F.,
with a maximum varely above 95° ind a minmmmum of about 53°. The
mean wnnual temperature averages about 77°. The usual range of
tempernture through the course of a single day is about 20° along
the coast, and the fluctuation in the annual mean temperature from
yoar fo year dots not exceed 3°.

SEASONS OF COTTON PRODUCTION

Puerto Rico has Lwo cotton-growing sections with growing seasons
at opposite perivds of the year.  On the north coast cotton 18 usually
plunted from Janoary 1 to March 15, {he picking season extends from
July 1 to September 34, and the deact season occurs from Qctober |
to December 31 On the south coast, however, the cotion is planted
from MAugust 1 to September 30, the picking season occurs from Janu-
ary 1 to May 15, and the dead season extenls from May 16 to July 31
In this southern arvea Ehe planting season occurs during the peried
of greatest rainfall and the picking season doving the dry period,
whereas on The north coast this condition is reversed.
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removed from the bolls and allowed to spin up in 4 petei dish between
a thin luyer of absorbent cotton and the bottom of the dish. As
shown i figure 1, this technique permitted observations to be made
without disturbing the larvae. The percentage of resting larvae
was based on the proportion of live pupae to larvae in the dishes
30 days atter date of installation,

To establish a reliable criterion for distinguishing larvae in the
resting stage from short-cycle larvae the rate of pupation of 1,734
lnevae removed from green cottou bolls was determined by the petri-
dish method as described nbove.  The results are shown graphically

508 T T ; T T i ; ¥

3 8 ]
T ] I

[}
! J

AGCUMULATED PUPATION {PERCENT)
5 .
i
]

o.j | S | i ! i ) )

«] 5 Q0 IS 20 25 30 35 40 4
PERIQD {DAYS)

(1]

FiiCsg Z—iute of pupation of fourth instors of the pink bollworm whea removed
frinn green cowton bells, placed v petrl dishes, aml covered wieh eolton. In-
serhary ot Mayongnez, B, B, 937,

in figure 2. It will be noted 1hat the rate of pupation during the fiest
W days was very rapid. whereas sfter 20 days. as indieated by the
nearly horizontal line, there was almost no pupation.  Although no
definite peried can be established, it would seem logical 1o classify
lavvae as of the resting type if they do not pupate within 20 to 30
duys after reaching mustority,

In Puerto Rico the abundanee of pink bollworms in the diapuuse
in felds of vindions ages at four localities were determined over 1 period
of 2 years and these records have been correlated with raintull in
table 2 to khow Lhe relationship.
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Tantk 2—Relation between rainfall occurring in the preceding 30, 45,
and 60 duys and the abundance of resting pink bollworm larvae in
green and open cotton bolls, Puerto Rico, 195638

. . . : _

; ' ’ Total rajufuli during
stated periods prior

Dule of Growih to date of observa-

obser- Locewlity stage of tivn

vution bullz

30 45 G0
days days | days

sy =

1936 Tuches | Tnehes § Inches
Jan, 8. . lsabelnoo .. 0 Opento o 60 ¢ L, 16 7. 52 9. 58
Jan, 10 oo o Lo Loadoo Lo b T i) Lo 1d b2 0. 58
June 150 Lol oL oadoo oo 271 1G. 25 123,337 23,73
Jily (4- .. . do . corodaL Lol 18 i 5607112711 2L 8L

a0, ... do, - .. oo Lo 402 LG E AL 45 1009
Aug 1o Ldo oo 0 L dos Lol 270 .30 ) BGH | 12, 81

e A ( [+ 8 e bdorooLl L 270 44 7.30 8 64 { 12,81
Hept, 4. | co..tdoo . Ltloo L0 BE3 POy 5 331 10. 32

Do | odo. - oL SderooL i 333 | 9,47 | 15.85 | 16.32
June 23 Bogueron . oo, oL 4T . 30 .60 § L6 LD
Aug. 1. .. doo.. Y. [T SN ¥ L1 . 10 4. -0

1a3v : _ :
Aug. 19 Isabeln. oo o L Greento o0 472 g
Sepl, 15,0 - . .d Lodot oL 200°F 1
30 ¢ ....do oL o wadot o L 8
Nov. i, ..do..... . . .. __do! 4 26
Muar, 26 ¢ Bogueron ... . Open'_ .0 151 ;. 89
Apr. 17 7 de .. o Codoooooll b 389 100
Ocl. 15..° Maynaguez . .. Green o .i 128 0!
Now, 235 . ..do. . .. ... --dot .. .t 200 sl
10, Hatillo. ... .0 I { U T I 71 37!

1938 '; . i ! ! _
Jan 100 Isabeln. ., Lo 20 L dotal o b 207 A6 1 4. [o5.26 ) 9.07
De . Mayuguez.. ..o doto_i.oo 305 il TGy 386

! _

1 Larvie were remaved from {he bolls and allowed 1o spin cocoons between the
boltom surface of petri dishes and thin disks of absorbent cotton and maintnined
therenfter under inseetury conditions.

1 Bolls were plueed under o shelter 1o proteet ihem from the sun and rin,

41 03 1 10, 86
25 .14 9. (2
3 .09 1 10. 88
. 69 i 23
. 60
1. 30 1. 30
. 32 . (i)
.42 217
. 83 5. B

7.
2.
4, -
2
0
1:
0. :
8
4,

Tt will be noted that evae in the diapause were abundant only
following periods of 2.5 inches or less of rainfall 30 days prior to the
date of observation, or 5.5 inches or less of rainfall 45 duys prior
thereto. A few long-cyele or resting larvae, oceuered regardless of
the amount of rainfall.” This relationship was most clearly shown at
Tsnbelu. As shown in figare 3, resting larvae were ubundant during
January, Februavy, March, and April, 1986, u period of severe
drought. Very few resting larvae occurred from June Lo December,
a period of heavy rainfall. During another period of drought, No-
vember 1937 to January 1938, the pink bollworms in dinpause were
again abundant.  As shown in table 2 resting larvae occurrved in
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abundance at Mayaguez only during the droughi period. At Bo-
queron cotton plunts usanlly suffer greatly from lack of available
moisture during the major part of each growing season, and as a
resulé pink bo]i’worms in the dinpuause are nsually abundant a any
pericdl of the yewr when cotton is being grown.

Taylor (60}, in Uganda, found that larvae of the pink bollwerm
do not normally rest where the rainfall of 40 to 60 inches is well dis-
tributed throughout the yenr, wheveas ut Tsabela und Maynguez, P. R.,
which have about the same amount of rainfall but of less even dis-
tribution, the diapause is common during the dry seasen.

These studies indicate that the boilworms in diapanse occur in
abundance in Puerto Rico during periods of drought regardless of
the uge of the crop or the time of the year at which this drought takes
place.  Also, a few resting Inrvae ceenr vegardless of the amount of
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[1: 131 936 1937 1238

Bisvne $—Relution between rainfall and the abundasee of resting Inrvae of
the pink bellworm from August 1935 to Febranry 1938 at Isabela, P R, | The
henvy vertlenl burs indiente Lhe oceurrence and abundanee of resting dafvae,
the hrokes Hive the normnl raiafall, and the sotid Hue the enintail of the yoars
indicnted.

rinfull—an indication of the existence of an inherited cycle that
cannot be broken within several generutions.

Reaction of Larvae to Antificial Drought Conditions in the Laboratory

Ficld studies showed that a high percentage of the larvae develop
into a resting stage on plants suffering from a deficiency of water.
To confirn these field observations, a study was made of the rveaction
of pink bellworm larvae developing In a greenhouse on plants re-
ceiving an sbhimdant supply of water and on plants suffering from
water deficiency.

METHODS OF STUDY

On July 7. 1937, cotton was pluded in 176 large cans filed with
sandy loum soil to whieh one-fourth pound of fertilizer per can had
been nedded. Five holes had been ent in the botiom of each ean to
permit drainnge wud approximadely 2 inches of gravel had been
placed in the bottom of each can, and the cans thes set on 2- by 2-inch

ATEHB gl 2
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ruils on a platform in the greenhouse. Adter many bolls had been
sot, 85 days after planting, the amonnt of water supplied to 132 plants
was cul down go as Lo eause severe willing and shedding of the leaves
and feuiting forms. The plants of this series, whicls avernged -k feet
i hetght, are Mlustrated in figure 4. 'Fhe olber plands were walered
daily.  These well-watored planis were continuonsly turgid, vigorous,
and henlthy, bearing many Truiting lorms per pinnt,

Bionms on all plants were tagged daily so that the age ol the bolls
wonld be known,  Trom Qclober 20 to 27 several fipst-instanr laevae
were phaced on all tageed bolls vegardless of nge.  On November 12
wll the larvae were removed from the bolls (o the insectary and elassi-

AL VRN
oV &Y
W

"
"k

2 o k Ty " ’
Prutee G- Cotten plnols growing In Semmtlone ol cans In e greendonse ol

Moyaguez, PUoL Phedr wader supply was so defledont as jo eiise sovere
wilring wad heavy shodding of the leirves pnd Sendiing fovis,

fied ax 1o the eoustitions under which they haed developed, Thie lnrvae
spun up between the bottom suelace of Perri dishes and thin disks of
abmorbent cotton, as shown in Hrare 100 By the use of this methed
observations coukd be puide withoul distwrbing the lrvae,
Temperature aud relative humidity were vecorded in the nseetary
aned greenhionse by the use of hvprothermograpliss. The greeahonse
wis covered with tenuspavent ghass while the sitdes were enelosed with
Boe-ooesl wire, Flie mean datly femperaioee in Hhe geeenhonse was
=24 WL 6L higher than in the insectary) . (e maxinuon tempera-
tare recorded o the greenhouse was 1012 ¢117 higher than the maxi-
i Lemperatore recordet in the inseelary over the same period) sud
the wwean daily reldive hunadiiy i dhe greenhouse wis 833 poreent
LT pereend bisher than in the inseciary). These condifions, how-
ever, nre probably pot b all ~imilar to those ecnconntered in the field,
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RELATION BETWEEN THYE AGE OF COTTON BOLLS AND MOISTURE CONTENT OF
THE SEED AND LINT

The molisture content of the seed and lint, or lncks, of green and
open bolls of various ages was determined on October 23, 1937, and
again on November 12, by drying the docks i an oven at 215° F. for
45 hours.  As shown in fable 3, 1 all enses except one the moisture
content of the seed and lint in the normaliy watered series wus higher
than in the deficiently watered series for ench nge group, this difference
becoming greater as the age of the bell increased. When the eight
Preived observations on October 23 were compared, the mean difference
of 4.8 percent Letween the Lwo series was significant,  On November
12 these differences were mueh greater; but only two paired observa-
{ions were nadde, '

Tawue S—lelation beficen the age of eotton bolls grown on defi-
ciently walered and well walered plants in the greenkouse and the
maisture conlent of the seed and {inf on Get. 25 and Nov, 12, Maya-
quez, PR T

Muotsture content of 1he sped andd lab one—

Plants norvinntly watered Plants doficientiy walered

\we of 1. 23 Xov, 12 Oct, 23 . Nov, 12

Blage Lolls - . .. . e mapm
Avyr- Aver-; CAver- CAvep-
age nyge | Yoage T
sam- o mpls- ! Sam- o wmgdd- . Bem-  mok-
ples t - tuee - Cture | piest. ture ' ples V), lure
eoli- . Coeum- o= CoCOn-
feny ©ojent Plent - fent
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In figure 5 it will be noted that the moisture content of the seed
and lint was inversely proportional te the age of the boll, regardless
of whether the plants suffered from water deficiency. L'he coefficient
of correlation between these two factors on October 23 in the normally
watered series was —0.986, When the regression wus caleulated, it
showed that, within the age limits studied, an average decrease of
11.3 percent in the moisture content of the seed and Jint is to be ex-
pected for every 10 days’ incrense in the age of green bolls. Squire
(46), in St. Vineent, obtained similar results, since he found that the
moisture content of cotton seced decreased from 785 to ubout 14 per-
vent within 8 days after the bolls began to open.

80 | | [ ]
WELL WATERED SERIES
o SAMPLED OGT. 23
=z
Wro
x ~ WELL WATERED SERIES —‘
w & SAMPLED Nov. 12
gt
(-
z i
= 60 . \ -
: DEFICIENTLY WATERED SERIES=——"" 1, -
2 SAMPLED 0GT. 23 ., ~
= x X X e
=) s \
W gl ., _
i N
i {‘ “
b . ",
E.-ﬂo— /l\‘-. .
z DEFIGIENTLY WATERED SERIES ‘\.
8 SAMPLED NOW, |2 L
u T~
S a0l i
2
0]
[+]
=
20 i | | | 1 i |
26 30 34 38 az a8 50 54 58

AGE OF BOLL {DAYS)

Friuie {—~Relalivn between the nge of green Cotlon bolls on planty well witered
fnd deliclently watered in g greenhouse nud tie molsture content of seed
Hut, Mayaguez, B, IR,

MELATION BETWEEN THE MOIFTCRE CONTENT OF THE SEED ARD LINT AXND
OCCURREXCE OF THE DIAPAUSE

The velation between (he moisture content of the seed and linc aud
abuntance of arvae in the dinpause was alse determined.  As shown
m table 4, the.pereceninge of resting luevae from bolls on deficiently
watered plants was always higher than the percentage of long-cyele
or resting lneviee from bolls grown on the normally watered plants,
the avernges being 85.2 and 86.7 percont, respectively,  The difterence
of 28.5 percent proved to be highly signifiecant.  The moisture content
of the seed and lint of bolls grown on the deficiently watered plants
was wlways lower than the moistore content of the seed and ling of
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bells grown on the normally watered plants for each age group, By
combining all the records in table 4 31t was found that the moisture
content of the seed and link was inversely proportional to the percent-
age of resting lavvae (fig. 6). However, the coefficient of correlation
{—0.897) was not significant,

Tasue 4.—Relation between the percentaye of resting pink bollwarm
lurvae, maisture content of the seed ana lind, and age of cotton bolls
grown on normally watered and deficlently watered plants in the

greephouse, Muyaguez, P. B,

Pinnts nermally watered | Planls deficiently watered
— : .

Age of holle {duys) IE @ Moisture R Moisbure
5 e ltesting | couiend csting | content

Records | 3 rone ! of seed Records larvec | of sced

and ling! and Hnt

1 N!uuhcr! Perecent l Pereent | Number | Percent | Percent

[ P {1t 4La YT 3 SR S I
35 ...t 187 ¢+ o0 3 70. 6 68 70, 4 P62, 9
treen bolls{dd., . . 44 48,3 63, 1 44 97.7 46, 4
a7 mae] oTued o sne o6l em 9l 304
BY: . _i 541 722 93,3 i 47 33.0 36. 9

Mol L 081 4261 34 g _________________________
47 L 157 65, © bt < R ORI JEpPIp R S
Open bolis $37- -+ 3T ST 8T T ieA e TIE S
... 85 O0BL 8 l.____._. ! 37 86. 5 26. G
Tolnl or nwsmgu_i i, 163 M7TY M2 365 : 85 2 i 38. 3

! Age of bolls noi definilely known bat estimated to e about 35 days.
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MOISTURE GONTENY OF SEED AND UINT (PERCENT)

Maver G,—Relat ion between (e moisture content of the geed and list from cotion
holis and the perventage of vesting ltevae of the pink hollwern,  Greenhouse
recuril, Maynguesz, I, i, 1047, .
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Even though the normally watered series of plants veceived daily
applications of water, it is quite possible that they suffered to a certain
extent from lack of moisture owing to the fact that they were growing
inarather limited space.  "This may help to explain why a wwher hl"ll
percentage of larvae from this series entered the diapause.

Squire {45, 46), in St Vincent of the West Indies, found a correla-
tion of —0.307 between the moisture content uf cotton seed and per-
centage of larvae in the diapanse, the results being based ou 647 lavrvae |
collectod in young and open bolls in the field. The avernge moisture
content of the insect’s food dusi ing the larval period was determined
by measuring the moisture content of the seed at various stuges of
malurity, but usually larvae have rveached the second and often the
third stadium before entering the seed to complete larval develop-
ment,  Sqnire wlso found that the oil content of (he seed incrensed
witl the age of the seed, from 2.74 percent at 34 days to 266 percent
at + days, and to 27.32 percent at .'i{i days.  Also, the ether extrack
(fat) of resting larvae was about 83 percent higher than that of
nonresting Tnvar 1¢, which might be due to feeding 'Dy the larvae on the
older seed of n higlier oil content.

Nevertheless these experiments. in conjunetion with the field studies,
indicate that dry foed caused by deought conditions decreases the rate
of metabolism of the Iarvae and coubequeuﬂy arrests development.

Rrearioy BErwERN AcE oF Bowrs, OCCURRENCE oF THE DTAPAUSE, AND
Moisrure

To supplement the foregoing experiment the pereentage of rvesting
larvie winl the moisture content of the seed and ling in young (succ,w
Jeat) and old (hard) green cotton bells collected at Isabela were
determined.  The highest percentage of vesting larvae (26.3) was
found in the older bolls that contained the lowest pereentage of mois-
kure content (71.1), as compared with 11.2 percent of vesting Jnrvae
in Lhe younger bolls that had 81.6 percent of water, these results heing
based on LLE awdd 143 records, respectively. The difference of 15.1
percent of resting larvae may be vegarded as highly %ugmhcant, as
the y-sylinre Lest ndie: 10 an associ: ition hebween the factors.

Two similar comparizons were nlso made af Hatille but there was
o diflerenee In the percentage of resting larvae (36.7, 36.6) ; although
the moisture content of the two mlnplcﬁ of green holls vanged from
20 to 615 pereent. "Fliese results were b'\sm however, on enly 30
and 70 by, Okpoein aly.

Hince hnl!s in various stages of mafurity vary greatly in their mois-
Lure content, it was deemed importang to defermine the percentage
of long-cycle larvae that develop in bolls of dilferent ages.  Bolls
were collected In the sne field during periods both of dmunrht and of
Leavy eainfall and divided into four ”l{ﬂii)b as follows: Emmn Freen
holls (sucenlent), old green bolls (Imlﬂ), young dry holls (pditiy
Irolen Toose when very young buk not dropped fromn the plant), and
nubure open bolls.




DIAPAUSE IN THE PINK BOLLWORM IN PUERTO RICO 15

As shown in table 3, the highest percentage of resting larvae oc-
curred in the older fruiting forms which contained the least amount
of moisture. It will also be noted that insects i the diapause occurred
in much greater abundance during the period of drought.

Fanew 5.—Relation between the percentags of resting pink bollworm
larvae in colton bolls of different ages during periods of drought
and heavy rainfall, Hayaguez, P. 1., 1937-38

HNEAVY RAINDALL: OCTOBRR, 1042 INCHES: NOV, 1 T %, 7.33 INCURS

22:‘3;& ;:" Type of fruiting form [ zecords 1};;_’3::5

| Number | Percent

zz)'{nmg green hol(lls (siscculenﬂ A U FE,

Y ld green bolls (hard) ..o oLl L L. 260 3.5
Nov. 23, 4987 Young dry bolls .. _ . ___ .. e 30 3.3
AMnaturcopen hobls______. .. ____ .__... 123 20. 3

!

EIGEHY HAINFALL: DECEMBER, 0.5 INCHES; 1AN. 1 10U 20, 1.6 INCAES

(‘z)’leimg green bolls {sll;ccuicni.}-_--- - 95 66, 2
. d green boils (haedy L. __ e 412 75. 7
Jun. 20, 1938 || Yomng dry belts 1. TZZITT T T 165 79. 5

82, 4

ilMature open bells____ .. __.____ 340

! Bolls were portly broken loose when very young but did not drop off the plant,

RELATION BETWEEN THE AcE oF CoTTON AND OCCURRENCE OF THE DIAPAUSE

According to Squire (44),

Fhe dinpause is dueed by dry and/or rich food toward the end of the crep
frrespective of the time of the year nt which this takes pace. The feld econ-
ditions lending up e Lhis positien ave (¢} the increase in the ratic of ripe to
green bolls and (b)) a saffieiently high incidence of the pest to necessifute the
infestation of ripe nnd ripening betis,

Asshown in Lable 6, the percentage of vesting larvae was determined
monthly in the saume field from June to September, 1936, at Isabela.
‘L'he total rainfall occurring in the preceding 30 and 45 days prior to
late of observation was also recorded. The perceninge of long-cycle
lavvae did not exceed 4 percent, yeb the incidence of the pest during
this season was one of the highest on record. On August 15 the green-
boll infestation in eight fields at Isabela ranged from 23 to 100 Iper-
cent, averaging 71.1 percent. These observations shown in table 6,
were made in o field having the highest infestation, It will also be
nofed that there was an abundance of rainfall during the period, the
least amount being 4.61 inches during the 30 days prior to the date
of observation.
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Tasce 6.—7he sv:é?ate'on between rainfall for periods of 30 and 45 days
prioy to date of observation and the abundunce of resting larvae
same field at

of the pink bollworm tn open cotton bolls from the
Isabela, P. B., 1936

Date of observation

Rocorrts

Resting
larvae

tion

Total rainfall during
stated periods prior
te date of observa-

30 days

45 days

June 1500

daly oL L
July 20_. . R

Aug Tdo L.

Bepl. 4 ... .. ...

Number
271

108
452
270
233

Inches
16, 21
5, 60
4. G
7. 30
G, 47

fnekes
23. 33
127
11, 45
8 64
13. 50

To elucidate this relationship further, the abundance of larvae in
the dinpause was determined in three fields of cotton of various ages.
These fields were planted at Mayaguez on June 20, July 20, and August
20, 1937. ‘Fhe percentages of resting larvae in green bolls collected
at random were determined in each field on Januvary 10,1938,

Tavie T—Belation between the age of cotton plunts and percentuge
of vesting pink bollworm larvae in green bolls, Mayagues, P. B.,
. Jan. 10, 1958

Ape of cotlon

Resting
{months})

Records inrvac

Number Percent
R SO 305 69, b
[ X S, 307 67. 4
| ) 3 339 5t 3

As shown in table 7, the highest percentage of resting larvae was
not found in the field of the oldest cotton but in that of the youngest.
Since the olilest cotton was putting on its second crop, the moistare
content, of these bells was probably higher than that of bolls from the
youngest. cotton, and this might explain the difievences in resulis.
?b\-’iﬁtisly these data do not suppert Squire’s theory regarding the
diapause.

EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY ACTING
TOGETHER ON THE DEVELOPMENT OF THE DIAPAUSE

To determine the combined effect of temperature and relative
humidity acting together in causing the development of the diapause,
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sumerons nonresting fourth instars were vemoved from green bolls
and placed in dessicators where constant relative humidities ranging
from 0 to 100 percent were maintained at various high temperatnres.
As n cheels, larvae were held at room temperature and relative humid-
iky.

In the first experiment an averape temperature of 98° F. was main-
tained, ranging from 053° tn 104°; in the second test an average tem-
perature of 95° was muintained, with a range of 90° to 100°.

Flumidities were obtained by the use of saturated sult solniions, con-
centrated sulfurie acid, and anhydrous caleium chloride. Concen
trated sulfurie acid was used for 0 {o 1 pereent humidity, anhydrous
cateinm chiloride for 1 to 5 percent, sodinum chloride for 75 to 78 per-
cent, potasstum sulfate for 90 to 98 percent, und distilled water for
approximately U8 pereent,

Tha results were hused on the proportion of live larvae and pupae
30 davs after the beginning of the experiment in aceordance with ghe

erviterion established in n previons test as deseribed on page 7,

Tawn 8—Efect of temperature and rilative faunidity during a 30-
dey period on pupation of fourth insturs of the pink bollwormn
removed from green cotlton bolls, Inscetury, Mayaguez, P, R., 1937

kxperiment No. | lixperiment. Neo. 2

78° B, rovin
IRedutive femperature
hamidity _
Lperecnt) e e R
: [arvae Farvae Larvae - Lurvace
ot . Gt el HOL Hot
prpiat- Records DIt Records ppnat- . prpal-
e T g g

T7° 8., roomn

OR% 2 ;
UR® F. lempoerabtire b ot

05° F.2

Hoevords Becords

N M-

frier flereent Pereend frer Pereent - ber Pereont
hieelk [N 5.2 . 245, 3 - -
[$ 81 155 13.7 7 RN . 1i, 4 HiH 43,6
1-3 10 14 E 43,06 HIH 57. 3
7S 124 17! 24, . - .
()15 . 17,7 &7 1ol
106 P-4 o P .o

b anpe B9% 1o 40° 10

2 tagee 937 Lo 107 F,

P oltange 87 1o 1097 L

U Cherk tiebl o oroom enelitions, avereze relative husoiidiey 83 poreent, range
3H Lo GG preeent.,

Tuble » shows that the ghest perventage of larvae not pupating
frosting larvaed weee found in (reatments nmintuaned at @5 to 18
pereent velative bumidity, or lower, and at the higher temperatnres.
Very few veating larvae were Fornd in treatments at 80 {o 100 perceat
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relative humidity regardless of the temperature, the percentage in
all cases being less than that of the check.

As shown in figure 7, the vesults of the two experiments are in close
agresinent. At 0 to 1, 1 to 8, and 75 to 78 percent relative humidity
the lpctr'cnt.wc of 1L=stmrr Iarvae was always sigmilicantty higher at
the higher temperature, “At 90 to 100 percent relative lmml(lltv very
few ionfr-r,.}(.!e lurvae oceurred. 'Uhe experiments at 0 to 1 and'1 to 3
percent “relative humidity wers considered almost identical and, as
expected, the results were the same,

80
EXPERIMENT No, ! EXPERIMENT No, 2
& b .
oL BATEE.cHECK 77°F., CHEGK |
Ore-r D??"F‘_

| Bl s

w B ] o
Q a o =] o
1 T T f

] 1 1

LARVAE WOT FPUPATING [PERGENT)
]
L=l
T
1

1 -
56-96 0-] -5 75-T8 90-98 00 56-96 01 -5 90-98
RELATIVE HUMIDITY (PERGCENT)
Favee T——BMect of temperatre and relntive hoamidity during o 30<tlay peviod
of pupation of fourih instars of the pink bollwori removed from green ¢otton
holls,  Ingeetnry, Mayaguesz, B 1L, 1057,

Many investigators have shown that insects lose weight, presum-
ably through loss of water. more rapidly under conditions of high
tt-mp(‘mt‘l_nv and Low humidity than with low temperature or llll'h
humicity. The fovegoing results would indicate that an increased per-
centagre of nonpupating Tarvae {resting lavvae) was found under con-
ditions of high temperatire and low humidity becruse of a greater
Joss in water b) evaporation. Lhis decreased the rate of metabolism
and caused arrested development, These resulls are in agreement
with the ebservations of ‘Tuylor (50} in Uganda.

MOISTURE CONTENT OF RESTING AND NONRESTING LARVAE
AND ITS PROBABLE SICNIFICANCE

i T l'mmmlmr investigations indicate that the moisture content
of (he insect’s Tond greatly influences its fulure development. i. e.,
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whether the mature lavvae will pupate immediately or enter the dia-
pause. 1t hag long been known that the moisture content of an in-
seets food greatly 1nfluences the water content of its tissues. It wus,
therefore, deemed important to measure the moeisture content, of vest-
g oand nonresting luevae, When larvae were dried in an oven at
2132 B for 48 hours it was found that the average moisture content
of 23 nonresting Inrvae had been 70.8 percent and of over 200 resting
lnrvae it had been 629 = 0406 peccent, with u vange in the lutter cuse
of from G4 te 65k peveent, The difference of 7.1 percent was prob-
sbly caused by the difference in the moisture content of their food.
Squire (46) found thal resting larvae often had a moisture content
ps much as 10 pereent lower than that of normal lavvae.

These vesults are of special interest when cempared with the find-
ingrs of other workers in connection with this subject. Robinson (39,
A0) Tound that a direet velationship exists between {hie water vontent
of various species of insects and their food, species which live on food
conlaining a low pereentage of water having o small amount; of waler
i their own tissnes. He further showed that some species of insects
that live under low moistine conditions huve the remarkable capacity
of adapting themselves io sueh conditions by binding on the surface
of their colloids a large proporiion of the availuble water and in this
way protecting themnselves against loss by eviporation.

Ditman, Weiland, and Guill (2¢), experimenting with the corn
envworm (Heliothis armigere (Hbn) ). found that pupae in the dia-
pause lose waler less rapidly at low humidities than pupae not in the
cdisnpause.

‘Ihese studies on the pink bollworm ndicate a similar velationship
Between the moisture in the food and in the ingect’s tissues. Under
tropieal eonditions changes in the environmental complex that affect
the moisture content of the cotton boll ure the most important factors
inducing or hindering the development of the dinpause, The molsture
content of the food depends on the age of the boll and (he amount of
witler availeble to the cotton plant.

TERMINATION OF THE DIAPALSE

Muny workers have shown that moisiure, usually contacl moisture,
inerewses survival and expedites vinecgence of vitrious inseets from
dornmney. With respect to the pink bollworm, Balloa (4, po 470 0n
Egvpt, Tound that when old infested bolls were kept dey the quiceseent
pericd was longer. Toftin, MeKinney, and Hanson (32), in Mexico.
found (hat dampening the seed and Ting coninining resting larvace
hnstened emergence. Wiltkims (23) is of the epinion that pupation
of lavvue in the diapause, in Egyvpl, is largely controlled by tempera-
ture and humidity, and sugeesis the possibility that pupation may be
controfied in the field by irmeation. Bishara (8, g0 643, also in BEgvpt,
Found that under continued cool and dey conditions the larvae rarely,
ifever, pupate. Bedloed (7) found that mothsin the novibern Sudan
emergod Trom resting luevae ehieflly during the period from the mid-
die of July to the end of Sepieniber. the rainy =eason. Wahn (29}
also Tound that in the Punjab the peale of pnpation aml emergenee
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occrred during the rainy senson.  Chapman and Cavitt (/7), in ex-
periments conducted under insectary conditions in Texas, found that
the peak of moth emergence from hibernating larvae was renched dur-
ing May, when the soil moisture was above 5 percenty nnd in July, when
the soil moisture was below § percent, regardless of the type of soil.
They also found that survival was increaged in sandy and clay adobe
soil with an increase of soil moisture up to & maximum of 17 percent,
after which it deerzased.  Uaylor (50), in Uganda, expervimenting
with nine resting larvae of the pink bollworm, found that a rvelative
humidity of 100 percent termsinuted ihe diapause in all ¢chses within 22
duys. Squire (44}, in the West Indies, says, “The addition of waler
to the tissues of resting karvae in nost cases expedites emergence, but
is not o géne qua non thereof and in a small peccentage of cuses fails
{0 ternsinate the diapuuse,”™  FHe also coneluded (46) that the appliea-
tion of watler to resting inrvae reduces their fat content probably by
facilitating hydrolysis, thus bringing them into line with novmal lur-
vae,  Isler and Fenton {(27), and Featon and Qwen {24) found thnt in
Texas irrigation applicd during the period of hibernation incrensed
survival of the pink bollworm in cotton botls on the soil surface.

Errecrs or Mosrine oy tne Duation oF rHe Diarause

An experiment was conducted at Boqueron to determine the effect
of rainfall and temperniure on the duration of the diapause in open
cotton bolls on the soil surface. Heavily infested open cotton bulls
were placed on the soil surface under wooden cages, 3 by 3 feet by 10
inches, which were covered on top with fine-mesh copper wire, Ten
enges, each containing approximately 574 fourth instars in open
bolls, were instulled per cage.  Five of these cages were placed under
a shebler Lo proiect them from the sun and rain and the other 5 were
placed in the open. The bolls in 1 cage of each series were examined
about every 33 days after date of installation,

Tanne b—Nurrival of vesting pinde bolthworm larvae in open cotion
hotle on the soil swrfuee in the open and wnder o shelter, Bogueron,
PR, 10037

Period Live larvae recovered in-——
afuer i
Pale of examination Coalite of d
- inatadlu-
¢ lian

i Cages fo the open Cages imaalershelior

—_—— e - O

t
Dz Number  Percont Nwwhor  Perevat
RY (7L R : 37 100, 0 37 10
A, 31 . . 30 T 1,9 13 I 25,
=opi, 30 (ify (13 L i ; 13,
Nowv, 13 . L)) n ! A
Tiee, 28 . 148 .
Junn, 20 .. . 172 &)

20D e —

o
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Table § shows that in cages under the shelter the survival of resting
larvae was ntueh greater than wmong the larvae in exposed cages. In
the sheliered series, 3, or 0.8 percent, of the larvue had not pupated 1732
duys after the date of installntion, whereas in the open series no living
larvie or pupne were found after 60 days, Since many weeds grew
in the open cages, the bolls were shaded during miost of the peried, and
the difference in the results was therefore attributed mostly to rainfall,
During the first 60 days after the date of installation 5,10 inches of
rrin fell in this arca.

In field observations the maximum Queation of the dixpause of lar-
vae tn open colton bolls on the soil surfice was 172 days at Tsabela
during & period of severe drought and 127 days at Rogueron,  In the
letier casie, however, deought conditions were not so severe,

In another experiment conducted in the insectary -H30 open cotton
halis, entiected on Mareh 16, were placed in cach of 2 eages on April
(7. Anexamination of a 200-boll sumple showed that theve weve ap-
proxinetely 400 live fourth instars installed per cage.  In 1 eage the
bolls were kept coniinnousty moist by submerging them frequently in
water, while 1o the other enge the bells were Ieft dry.  The 32 days
hetween the date of collection and the date the experiment was initi-
ated assured Ehal all the larvae present were in the dinpause.

Tanng 0 —ompuaralice rate of cmergenee, by 20-day periods, of pink
bollworm moths from vesiing larvae in 450 open cotton bolly in each
cage when held wnder dey wad wnder moist eoiditions in the in-

seetury, Mayeguez, PR 185

Period Aceumudated emergence frow-—
ufter T
Date dale of
'i’ﬂ::::“- Pyes cottan balis * dMaoist colton bolls

Days  Nuwmber  Fereenl Number ' Percend

Apro A7 0 0 0 0 R H
Mav 7 20 0 0 9 10,3
AMay 27 1) 0. 0 i 70.3
Jue 16 i) 1] 2.4 b1 100, 0
July 6 bt G0 215 B
Juty 26 1Y) 173 L R
Au 15 126 298 L

Hopt, o 140 36 St 8 .-
Hoept. 24 130 3906 H SR

Oel, 11 180 A02 M3, 2 . .
Nov, 3 200 105 o6 G . I,
Nov, 23 220 1tH 8.1 .
Dee, 13 240 R 49, . e .
Dee, 20 256 118 0. 0 . o -

The resnlts of this experiment are sumnmrized in fable 10, Ad-
though o heavy mortality (approximately 8 percent) ocenrred in the
moistened bolis, the addition of moistuee greatly aceelerned emerg-
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ence. Fiffy percent of the moths had emerged from the moistencd
holls after approximately 32 duyy from the date of installation and
at! had emerged after 54 duys. From the bolls kep? dry 50 percent
et noet emerged until appreximately 118 days had passed, and all had
not emerged until ufler 256 days,

In unother experiment resting lavae were allowed to spin up be-
tween the bottoms of petri dishes and disks of 1int cotton (fig. 1).
Tho dishes wera then divided into 8 freatment lots ws follows: {1)
Cocoons kepl moist continwously by daily applications of water, (2)
those held with ghe atmosphere ut 100 percent relative humidity, and
{3) thoso in the <lry check.  The number of farvae used per trentment
runged from 62 to 9. Pupation was completed in 36, 5+, and 139
days, respectively,

Diaestmilar test where the eocoonus of long-cvele larvae were moist-
ened daily, weekly, and biweekly. pupation was completed in 83, 121,
and 133 days, respectively.  Ina cheel that was left dry pupation was
not completed intil 147 davs. The number of Tarvae used per treat-
ment runged from 161 (o 183, The tissue paper which covered the
cocoons in hig experiment remained wet for about 8 hours after cach
application of water, but the water appavently failed to penetrate the
coeoons in any of the foregoing trentments, '

In other tests, where water had heen foreed info the cocoons by fhe
use ol a hypodermic needle, the larvie lefr the cocoons as soon ax (he
wiler was applied.

These results show that moisture is the important tactor in Hmiting
the diation of the diapanse wnder (rapieal conditions and that in the

field, under condittons of heavy rainfall, pupation and emergence of
a mujority of the resiing larvae wauld be completed within 214 to 3
months. They nlso inlicate the possibility of a practical use of mais-
ture b redueing pink bollworm dumage, sinee the ocenrrence of the
hapanse in the field, ami therefore the earev-over, may he partly
eonlrolled by adjnsting the planting date to the distribution of rain-
fall o by irrigation,

SUMMARY

The heluvior of the larvae of the pinle bollworm { Peetinophorn
gossy pte e 1Satind.) ) has heen stadied in relation to definite changes
in the envirommoenial complex over & period of 3 vears lo determine
the esmbinalions of factors that initite amd terminate the dinpause
i the field. 't the laborntory, controtled vxperiments were candueted
in which environmental changes were introduced to wid in the inter-
pretation of the effect of The environnmental complex on the larval
stugre. _

Puerto Rico offered distinel advantages for a study of (his phase
of insect life, ax it has a (ropieal elimate. and the factor of exireme
colid as n predisposing canse of the dinpause is exclided,  Also. there
i= a portion of the island where cotton iz grown during the thry season,
andd in anolher part of the island it i3 grown during the eainy season.

Tt was found that under Poerto Rican conditions pink bollworms
in e dinpause always oeeur most abundantly durving periods of
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drought, regardless of the age of the crop or the time of the year af
which the drought takes place. A few resting larvae always oceur in
the field 1'0;;:11-(?1055 of the amount of rainfall—an indication of the
existence of an inherited cyele which cannot be broken within several
enerutions,

A total of 1528 larvae weve reared in the Inboratory on food of o
knpwn meisture content.  The nnture larvae were ctussified as resting
or nonresting individuals, and the water content of these two groups
was determined.

The meisture content of the seed and lint was inversely propor-
tional to the age of the boll, the coeflicient of correlation being —0.986.
The moisture vontent of the seed and lint was also inversely pro-
portiona! to the pereentage uf vesting larvae, the coellicient ol corvela-
tion being — 1,307,

The moisture content of resting larvae was foioud to be 7.9 pereent
lower than the noisture content of nonresting lnrvae,

Under tropical eonditions any factor that limits (he moisture con-
tent of the boll, the insect’s food, tends to incduee the development of
the dinpaise.

A low relative humidity combined with a high temperature reduces
the water content of the larvae by evaporation, thereby decrensing the
rate of metabolism and eausing arrested development,

Dy food enused by drought conditions. 1. e, lack of rainfally high
temperabires, low humidity, excessive wind movement, high evapora-
tion, ond lack of available moisture for the plants, reduces the water
content of the Inrvae themselves, '

Molsture is the most important faclor terminating the diapause
under tropical conditions; and in the field. under conditions of heavy
rainfall and high femperaturve. pupation and emergence of a mujority
of the resting Luvae would be completed within 21, to 3 months.

These studies suggesi. the possihility of o practical method for re-
dacing pink bollworm damage, sinee the abuudancee of resting lnrvae
i the lield and, therefore, the carry-over, may be partly controlled by
adjusiing the planring date to the distrilution of rainfall or by irri-
aafion. '
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